24. W. D. Luedtke, U. Landman, J. Phys. Chem. 100, 13323 (1996) . 25. Annealing of the ZnS mineralized viruses for 3 hours on aminosilinized SiO 2 wafers at 400°to 500°C, depending on particle size distribution, was followed by sonication in 1:1 water and ethanol. The suspension of annealed wires was drop coated onto TEM grids for visualization. Increasing the wetability of the substrates was necessary for the alignment of the virus assemblies. 26. Thermal gravimetric analysis was performed on the Perkin Elmer 200 thermogravimetric/differential thermal analysis, with flow gases consisting of air, argon, and forming gas (5% H 2 ). Samples were prepared by centrifugation of the virus-particle suspension into 1-mg pellets and allowed to dry. In the case of FePt, 1 ml of phage (10 12 phage/ml) was mixed with 0.01 mM FeCl 2 and 0.01 mM H 2 PtCl 6 . These mixtures were vortexed for 10 min to ensure mixing, and 0.1 M NaBH 4 
Boron Nitride Nanomesh
Martina Corso, Willi Auwärter, Matthias Muntwiler, Anna Tamai, Thomas Greber, Jürg Osterwalder* A highly regular mesh of hexagonal boron nitride with a 3-nanometer periodicity and a 2-nanometer hole size was formed by self-assembly on a Rh(111) single crystalline surface. Two layers of mesh cover the surface uniformly after high-temperature exposure of the clean rhodium surface to borazine (HBNH) 3 . The two layers are offset in such a way as to expose a minimum metal surface area. Hole formation is likely driven by the lattice mismatch of the film and the rhodium substrate. This regular nanostructure is thermally very stable and can serve as a template to organize molecules, as is exemplified by the decoration of the mesh by C 60 molecules.
Pairs of boron and nitrogen atoms are isoelectronic to pairs of carbon atoms. Thus, boron nitrides show a structural variety similar to that of carbon solids, including graphitic hexagonal boron nitride (h-BN) and diamond-like cubic boron nitride (c-BN) (1), onion-like fullerenes (2), and multi-and single-wall nanotubes (3, 4) . Some carbon allotropes, such as C 60 , are difficult to form as BN analogs, because the formation of B-B or N-N bonds is disfavored, and this property excludes pentagon formation. We report on a form of BN solid that so far has no analog in carbon allotropes. A highly regular metal-supported BN mesh of nanometer dimensions can be grown by high-temperature chemical vapor deposition on Rh(111). The hexagonal mesh has its basis in the planar, h-BN-type bonding and consists of two atomic layers.
Weakly physisorbed layers of h-BN on metal surfaces have been studied for about a decade (5) . Well-ordered films can be grown by thermal decomposition of borazine (HBNH) 3 on transition metal surfaces (6) . In all cases studied so far, the film growth was self-limiting at one monolayer (ML); beyond that, the sticking coefficient of the precursor molecule becomes exceedingly small. Most of the work has been concentrated on the lattice-matched system of h-BN on Ni(111), where large terraces of one-ML h-BN are formed (7) . The films are insulating in the sense that the B and N electronic states do not contribute to the Fermi sea of the Ni surface (8, 9) . Within this ML, the structure is the expected graphitic sheet, yet with a weak corrugation. The N atoms are located on top of the outermost Ni atoms, and the B atoms occupy face-centered cubic adsorption sites of the Ni(111) surface (10, 11) . Depending on the preparation conditions, a second coexisting structure can be found in which the B atoms are placed in hexagonal close-packed adsorption sites. Wherever domains of these different structures coalesce, straight defect lines are observed in scanning tunneling microscopy (STM) images (12) . Although all these studies illustrated the model character of this weakly physisorbed metal-insulator interface, they did not raise expectations for these systems to exhibit self-organization into complex structures on a nano-to mesoscopic-length scale. Here, it is shown that such self-organization within the h-BN layer takes place when deposited on Rh(111), where the lattice mismatch of 6.7% produces a high tensile stress.
The preparation procedure consists of exposing the atomically clean Rh(111) surface, which is kept at a temperature of 1070 Ϫ6 torr s) and consecutive cooling down to room temperature, the regular mesh structure as shown in Fig. 1A was observed in STM images. The B and N coverages on the Rh(111) surface were quantified in situ by means of x-ray photoelectron spectroscopy. Borazine doses between 40 and 360 L, which produced a complete nanomesh film, led to absolute coverages of between 1.5 and 1.75 MLs; i.e., there are about 1.5 BN units per surface Rh atom in the nanomesh. Within the error limits, the films are stoichiometric.
The high degree of periodicity seen in the STM image is found throughout the macroscopic sample area and was confirmed by the low-energy electron diffraction (LEED) pattern (Fig. 2) . These data provide a first clue for the atomic structure within the nanomesh. The inplane lattice constant of the hexagonal Rh(111) surface is 2.69 Å. From the principal spots of the nanomesh LEED pattern (Fig. 2B ), a hexagonal atomic lattice is deduced also for the BN layer, with a lattice constant of 2.48 Ϯ 0.05 Å. Unlike on Ni(111), where the slightly compressive stress leads to a pseudomorphic film with a weak corrugation, the lattice mismatch on Rh(111) is too large, and the weakly physisorbed h-BN layer appears to form with its native lattice constant of 2.50 Å. The superlattice spots around the principal spots indicate a periodicity of 32 Ϯ 1 Å, which corresponds to a supercell of 12-by-12 Rh unit cells, or 13-by-13 h-BN unit cells. The LEED data would thus be consistent with the formation of a coincidence lattice or Moiré pattern, but the STM image (Fig. 1A) suggests that only a portion of the superlattice unit cell is occupied by BN cells.
The STM image of Fig. 1B shows a small area of perfect nanomesh and provides some further hints on the detailed structure of its unit cell. Inside each supercell, four distinct gray-scale levels occur (see also the line scan in Fig. 1C ). This image was taken with a constant current of 1 nA such that the average tip-to-sample distance was relatively large. The sample bias was -2 eV, and electrons tunneled from occupied states into the tip. In a topographic interpretation, we can identify the darkest level with regions of uncovered Rh surface and the next brighter level with a first h-BN layer. The brightest two levels correspond to a second h-BN layer, which appears to be pushed out in the regions where the two layers overlap and pulled in toward the Rh surface in the hole regions of the first layer. Combined with the information from the LEED pattern, the following picture emerges (Fig. 3A) : The hexagonal nanomesh consists of two atomic mesh layers with open apertures of 2.4 Ϯ 0.2 nm in diameter in the outer layer and probably slightly smaller ones in the inner layer. Mesh wires of 0.9 Ϯ 0.2 nm width are formed by the atomic h-BN lattice. The periodicity of the mesh is 3.2 Ϯ 0.2 nm, and the meshes of the two individual layers are offset such as to cover most of the underlying metal surface. The first h-BN layer lies essentially flat on the Rh(111), whereas the second one appears like a corrugated sheet that follows the topography of the first. The mechanism underlying this self-assembly is unclear, but symmetry and lattice mismatch likely play a role. Experiments with lower borazine exposures, leading to partial coverages of nanomesh, indicate that self-organization is a concerted process that involves both layers at the same time. Regions of 1-ML h-BN do not show ordered structures, and only in condensed second-layer regions does the nanomesh appear ( fig. S1 ). The double-layer character of the nanomesh is corroborated by ultraviolet photoelectron spectroscopy (UPS) data presented in Fig. 4 . Upon exposure to 40 L of borazine and nanomesh formation, the normal emission spectrum shows an attenuation of the Rh signals and the appearance of two pairs of BN-related peaks. The binding energies of the individual pairs align well with the binding energies of the (5.3 eV) and the (10.0 eV) states in normal emission spectra of h-BN MLs formed on Ni(111). The spectra thus expose the presence of two species of h-BN that have their binding energies for the and band shifted by about 1 eV. From the intensity ratio of the two components of the band ( 1 / 2 ϭ 2.5 Ϯ 0.5), we deduce the area ratio of the two species. Comparison with the model of Fig. 3A suggests that the lower binding energy component is associated with second-layer h-BN covering the first layer, whereas the higher binding energy component is from both the first and second layer where the h-BN is in direct contact with the metal substrate. For this assignment, an area ratio of roughly 3 :1 should be expected. A similar band shift has been observed for the related graphite monolayer system on either clean (14) or h-BN-covered (15) Ni(111) surfaces.
On the basis of the analogy to the h-BN/ Ni(111) system, we propose in Fig. 3 , B and C, an atomic model for the nanomesh and how it registers with the Rh(111) substrate. The structure reflects the large lattice mismatch and the internal stiffness of the h-BN layer, and it maximizes the number of BN unit cells with adsorption sites close to the two types found on Ni(111). The stacking in the two-layer regions is that of solid h-BN where N and B are on top of each other and alternate layerwise. It is worth mentioning that this self-organization involves on the order of 400 atoms per mesh unit cell.
Higher tunneling currents can be used that bring the tip closer to the surface and access new electronic states. The edges of the top layer mesh are highlighted and thus appear to have a reduced tunneling resistance under these conditions (Fig. 1, D and  E) . A similar observation has been made along the edges of MoS 2 nanoclusters formed on Au(111) (16) . Most likely, this effect is associated with edge states either because of unsaturated bonds or because of the presence of hydrogen. The image in Fig. 1E still permits us to guess the presence of the bottom layer. Likewise, the inset in Fig. 1A , showing a defect in the top layer, reveals the mesh structure of the bottom layer.
A further peculiarity in the STM imaging properties of the nanomesh is the small apparent step heights in the topographic image of Fig. 1B . The line profile in Fig.  1C indicates that the step height from the Rh surface layer to the first h-BN layer is only 0.5 Å. Likewise, the step height from first to second layer h-BN is only 0.5 Å. This value should be compared to the mean interlayer spacing of 1.92 Å determined by LEED (10) and x-ray photoelectron diffraction (11) for h-BN/Ni(111). A careful analysis of apparent film heights for this latter system found a pronounced dependence on the bias voltage, with a value of 1.1 Å at -2.0 V. It should be remembered that the h-BN films do not exhibit electronic states that contribute to the tunneling at these bias voltages. The STM images reflect the lateral changes of the tunneling resistance through the h-BN nanomesh (9). They may nevertheless be interpreted in a topographic way in the sense that step edges around the holes are clearly identified (17) . More consistent step heights could be imaged in the following decoration experiment.
In order to illustrate the potential of the h-BN nanomesh for application as a template for the formation of supramolecular structures, we show in Fig. 1F a region of nanomesh after the room-temperature deposition of roughly a ML of C 60 molecules. The periodicity of the mesh supercell is retained. The mesh wires are decorated by lines of individual molecules, whereas either six or seven molecules can be distinguished inside the holes. The corrugation of this molecular layer is now roughly 2 Å, which closely reflects the true depth of the second-layer nanomesh holes. The centers of the holes appear to be the least stable sites for molecular adsorption and may lend themselves to molecular manipulation. In the image of Fig. 1F , these sites are either empty or occupied by one C 60 molecule, Deep fault slip information from characteristically repeating microearthquakes reveals previously unrecognized patterns of extensive, largeamplitude, long-duration, quasiperiodic repetition of aseismic events along much of a 175-kilometer segment of the central San Andreas fault. Pulsing occurs both in conjunction with and independent of transient slip from larger earthquakes. It extends to depths of ϳ10 to 11 kilometers but may be deeper, and it may be related to similar phenomena occurring in subduction zones. Over much of the study area, pulse onset periods also show a higher probability of larger earthquakes, which may provide useful information for earthquake forecasting.
Aseismic fault slip along the transform platebounding San Andreas fault (SAF) in central California is commonly assumed to occur at a relatively constant rate modulated by localized slip transients induced by moderate and large earthquakes (1) . Studies of large-scale, timedependent deep fault slip along this stretch of fault have been limited, however, by the distribution and frequency of deformation measurements and by the fundamental trade-offs and assumptions required to infer deep slip from measurements of surface motion (2-9). We studied time-dependent deep fault slip within the seismogenic zone (i.e., the brittle upper crust where earthquakes occur) along 175 km of the central creeping section of the SAF (Fig. 1 ) over a 16-year period beginning in 1984, using the seismic moments and recurrence intervals from 2594 characteristically repeating microearthquakes. Characteristic microearthquakes have special properties (10) , allowing a relation between their seismic moments (M 0 ) and the surrounding aseismic fault slip (d i ) that loads their rupture patches to failure during the recurrence interval preceding each event (10) .
Once parameters ␣ and ␤ are determined (10), Eq. 1 can then be used to infer the history of deep slip rates on fault segments that contain characteristic microearthquakes (10) (fig. S2) . A profile of long-term deep slip rates for the 175-km study zone was derived from the characteristic microearthquake data (10) , and the distribution of these rates is generally consistent with long-term geodetic rates in the study zone (1, 2, 5-7) (Fig.  2A) . A profile of short-term slip-rate histories for the study zone was also constructed (10) (Fig. 2B) . Common short-term features between the microearthquake slip and geodetic rates (5) are also apparent; however, their general consistency is lower than it is for the long-term rates. For example, the patterns of strong, quasiperiodically recurring slip-rate pulses seen in the microearthquake slip data are only vaguely apparent in the fault-creep data (10) (Fig.   2C ). Characteristic microearthquake slip and seismicity rates (10) along the study zone also correlate somewhat (Fig. 2C) , although differences associated with aftershocks and earthquake swarms are often observed.
Six regions with distinct patterns of complexity and slip-rate evolution can be identified in the study zone ( Figs. 1 and 2 ). In regions IV and V, fault structure is relatively simple and few large earthquakes [magnitude (M) Ͼ 3.5] occurred during the study period. Slip-rate histories in these regions are dominated by previously unrecognized quasiperiodic pulses having relatively constant peak amplitudes, rate variations of 100% or more, and cycle durations of about 3.0 and 1.7 years, respectively (Fig. 2C , segments c and d). These pulsing patterns are not directly associated with the occurrence of any nearby large earthquakes. Analyses of the data using subsets in depth show that the pulsing patterns are similar throughout the depth range of the data, and this is a common feature of the slip patterns throughout the study zone.
The relatively abrupt transition between the pulsing patterns in regions IV and V is not associated with any obvious seismogenic zone complexities, and the pulsing between these regions is not correlated (fig.  S4 ). This suggests that their pulsing is not driven by coherent large-scale phenomena such as gravitational tides or pulsed loading by the adjacent tectonic plates. It also suggests that the mechanisms responsible for their pulsing are relatively independent of one another. The confinement of these mechanisms to the approximate fault zone can also be inferred because broadly distributed mechanisms would probably result in more diffuse transition zones between adjacent pulsing regions.
In region VI, the SAF changes from freely creeping to fully locked behavior and spans a locked patch of fault that has ruptured repeatedly in several M6 earthquakes at Parkfield (11 
